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PREFACE 


The Northwestern Ontario Manpower Adjustment Study was undertaken by the 
Research Branch of the Ontario Ministry of Labour as one of the projects for the 
Canada/Ontario Interim Northlands Subsidiary Agreement under the General Development 
Agreement. The funds for this project were provided by Employment and Immigration 
Canada and by the Ontario Regional Priority Budget. 


The objective of the Study is to provide information required for the devel- 
opment of policies and programmes designed to relieve structural imbalances in the 
labour market in Northwestern Ontario. The Study comprises ten component projects 
dealing with labour supply, labour demand, turnover and absenteeism, migration, and 
the labour market intentions of graduating students. A complete list of these proj- 
ects appears inside the back cover. 


The present report, ''Projections of Total Labour Force in Northwestern On- 
tario, to 1981," uses a new methodology to evaluate the trends in the growth of the 
labour force in Northwestern Ontario during the next three years, and focuses on the 
effects that the natural increase of the population, net migration, and changes in 
the participation rates will have on these trends. The opinions expressed in this 
report are those of the author only, and do not reflect the official views of the On- 
tario Ministry of Labour, Employment and Immigration Canada, the Ontario Ministry of 
Treasury, Economics and Intergovernmental Affairs, or the Department of Regional Eco- 
nomic Expansion. 


We would like to take this opportunity to thank the many individuals and 
organisations who helped us to complete this Study. Thanks are due to Employment and 
Immigration Canada and to the Ontario Regional Priority Budget, whose financial sup- 
port made the Study possible. We also thank Dr. L. 0. Stone, Professor Noah M. Meltz, 
and Professor C. A. Jecchinis; the members of the Committee On Getting and Holding 
Manpower in Northwestern Ontario; and Mr. Cliff McIntosh and Mr. Bob Michels of the 
Quetico Centre, all of whom helped during the planning stages of the Study. For sup- 
plying data indispensable to our research we thank the staff at Lakehead University 
and Confederation College; the Boards of Education in the Districts of Thunder Bay, 
Rainy River, and Kenora; and the employers and other persons too numerous to name 
whose contributions assisted us immeasurably. For cooperation and perseverance which 
facilitated our work we are indebted to many officials in both the Federal and Pro- 
vincial Governments, and especially to the members of the Federal-Provincial Manage- 
ment Committee for the Interim Northlands Subsidiary Agreement. We are indebted as 
well to Mr. Michael Ryval and Mr. Charles Bogue, who edited the drafts of these re- 
ports for publication, and to the many persons on the clerical and secretarial staff 
of the Ontario Ministry of Labour whose assistance made it possible to complete these 
reports. For their encouragement and support we thank Mr. John Kinley and Mr. M. Skol- 
nik, who were the Directors of the Research Branch at the Ontario Ministry of Labour 
while this Study was in progress, and Mr. G. S. Swartz, the current Director of the 
Branch. Finally, special thanks go to the author of the present report, Frank A. Ed- 
wards, for his work on this project. 


Mel Soucie Farid Siddiqui 

Employment & Immigration Canada Ontario Ministry of Labour 
Federal Co-Chairman Provincial Co-Chairman 
Project Management Committee Project Management Committee 
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CHAPTER I 
INTRODUCTION 


This report evaluates the trends in the growth of the labour force in North- 
western Ontario! until the year 1981.2 The distinctive feature of this analysis is 
its recognition that historical data are the end-product of many complex interactions, 
and that meaningful projections can only be made when the interactions that generate 
the observable facts are understood.3 For this reason, rather than present "straight- 
line" or "fixed-coefficient" extrapolations of past data, this report identifies some 
of the factors underlying the growth of the labour force, and demonstrates their 
dynamic effects on this growth. Such an analysis is of practical value because the 
essential dynamic effects of these factors often persist in spite of many of the gov- 
ernment actions that are conventionally undertaken to improve the growth trends in 
the labour force. By explicitly describing some of these complex interactions and 
their dynamic effects on the growth of the labour force, the analysis presented in 
this report should assist in understanding the response of the Northwestern Ontario 
Region to specific social, political, or economic changes, and also assist, when de- 
sirable, in designing government policies that can achieve long-term results. 


There are three major sources of growth in the labour force: the natural in- 
crease of the population, net migration, and changes in the participation rates. 
Separate projections of these contributions to growth in the labour force and the re- 
sulting trends of growth in the total labour force are made for each of the male and 
female primary and secondary age groups in the labour force.” The actual projections 


Deusen Ontario" refers to the Northwestern Ontario Economic Region, 
defined by P. Camu, E. P. Weeks, and Z. W. Sametz in Economic Geography of Canada 
(Toronto: Macmillan, 1964), and recognised by the Ontario Ministry of Treasury, Eco- 
nomics, and Intergovernmental Affairs as one of its five Planning Regions for the 
Province of Ontario. Unless otherwise specified, the term "Region" as used in this 
report is synonymous with the above geographical designation. 


-the analysis undertaken in this report covers the Region as a whole. Al- 
though it is possible to disaggregate the results by Census Districts, in order to 
make accurate projections of the trends of growth in the labour force within each 
District it would be necessary to take into account the relationships between the 
Districts. This process was considered to be beyond the scope of this project. 


te the more sophisticated econometric studies specific relations are derived 
from interactions based on economic theory; the coefficients in these relations are 
then fixed by "fitting" them to historical data. In the present study the relations 
identified are based primarily on the work of Nathan Forrester in his Life Cycle of 
Economic Development, 2nd ed. (Cambridge, Mass.: Wright-Allen Press, 1973). 


 eeianatan rates are defined as the ratio between the number of persons 
in the labour force (whether they are employed or not) and the total number of per- 
sons in the working-age population. In this report the working age is regarded as 15 
to 64, inclusive. 


>The primary age group consists of all males and females 25 to 44 years of 
age, and the secondary age group consists of all males and females 15 to 24 and 45 to 


are made with a computer mde that has been designed to reproduce the dynamic ef- 
fects of the factors influencing growth in the labour force. Two kinds of projec- 
tions are made. The first assumes no government policy initiative. The second in- 
corporates a variety of policies, including those that traditionally accompany growth 
and industrialisation, such as an increased flow of capital, greater levels of prod- 
uctivity, and a shorter work week. The resulting projections test the effect that 
each of these policies will have on the growth of the labour force. 


From the projections assuming no policy initiative it is forecast that the 
labour force in Northwestern Ontario will continue to grow during the 1970s, but that 
the rate of this growth should begin to decrease after 1973. However, the labour 
force should continue to grow until well after 1980 before beginning to decline. In 
absolute numbers, the labour force in Northwestern Ontario grew by less than 13 thou- 
sand during the 1960s and is expected to grow by approximately 18 thousand during the 
1970s, but it is unlikely to grow by as much as 3 thousand during the 1980s. 


64 years of age. The female labour force is not considered to be entirely within the 
secondary age group, as is more usual. 


Orhe major variables used in this model are considered to be interactive; 
that is, they both determine and are themselves determined by other variables to 
varying degrees and with appropriate delays. The use of interactive variables has 
resulted in the application of a relatively new computer simulation method known as 
"feedback analysis.'' The computer model developed here is based on a technique, 
called Systems Dynamics, which uses this type of analysis. Systems Dynamics was de- 
veloped at M.I.T. by Jay Forrester (Principles of Systems [Cambridge, Mass.: Wright- 
Allen Press, 1969]). 


“at the time of writing no data were available to confirm whether this had 
occurred; all of the data after 1971 are projections. The projections have been con- 
tinued until the year 2020 to provide a context within which to interpret the trends 
up to 1981. These long-range projections were made on the assumption that the exog- 
enous factors affecting growth in the labour force in 1981 (e.g., capital flows, 
productivity levels, capital-output ratio, and the age distribution of migrants) 
would remain constant until 2020. 


8 

The terminology used to describe growth trends is explained by the follow- 
ing graph. The top line shows the size of the labour force in absolute numbers; the 
bottom line shows the change in the size of the labour force from one year to the 
next. 
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Several factors are responsible for this trend. The contribution of the 
natural increase in the population to the labour force of the Region should continue 
to grow until well after 1980, but the rate of growth of this contribution should de- 
crease after the mid-1970s. There should also be a decrease in the rate of growth of 
the contribution made by changes in participation rates after their striking rise 
during the 1960s. After 1978 and through most of the 1980s the contribution made by 
changes in participation rates is expected to reduce the labour force, but it should 
again increase the labour force thereafter. Migration is projected to increasingly 
reduce the labour force after 1973; this effect should continue into the 1980s before 
stabilising at a rate of net out-migration from the experienced labour force of about 
500 persons a year. 


The projected trends in the growth of each of the four component Scot da in 
the total labour force reflect, to a great extent, the assumptions made about the 
relative demands that each of the production sectors~’ makes on each of these groups, 
and the age and sex distributions of migrants entering and leaving the labour force, tL 
The results show that during the 1970s the rates of growth in both primary labour 
force groups decrease, reaching about half their 1971 levels by 1981. Contributing 
to this decrease is the fact that the additions to these labour force groups from the 
natural increase in the population cease to grow each year as they have in the past .12 
Furthermore, the additions to these labour force groups from yearly changes in the 
participation rates and from migration become increasingly smaller, or actually re- 
duce these labour force groups. 


The rates of growth drop even more sharply in the secondary labour force 
groups during the 1970s. This trend is due to a significant reduction in the yearly 
additions to these labour force groups from the natural increase in the population 
and from changes in the participation rates. In fact, changes in the participation 
rates should reduce both male and female secondary labour force groups in the late 
1970s. Migration is expected to remain almost constant at a small net out-migration 
from both secondary labour force groups. 


The second set of projections, in which various policy initiatives were in- 
cluded, shows that the basic growth trend in the labour force in Northwestern Ontario 
is not likely to be significantly affected by any of the policy initiatives tested. 
Although these policies may increase or decrease the projected size of the labour 


” Tee. the male and female primary and secondary age groups. 


Ort analysis incorporates three production sectors: food, goods, and ser- 
vices. The food sector consists of the S.I.C. industry groups: Agriculture; and 
Fishing and Trapping. The goods sector consists of: Forestry; Manufacturing; Mining; 
and Construction. The services sector consists of: Transportation, Communications 
and Other Utilities; Trade; Finance, Insurance and Real Estate; Community, Business 
and Personal Services; and Public Administration and Defence. Each sector is assumed 
to demand a different ratio of male to female and primary to secondary labour. These 
ratios are also assumed to change over time as a result of factors such as changing 
technology, the introduction of anti-discrimination laws, and the changing awareness 
of employers of alternative sources of labour. 


Li the age and sex distributions of migrants are difficult to forecast be- 
cause they depend to a great extent on government policy and people's perspectives on 
northern development. The distributions used in this analysis are based on Statis-— 
tics Canada's Taxation Data, Special Tabulations. 

aera uded in the natural population increase are the aging, births, and 
deaths associated with migrants in previous years. 


force in any one year, they cause internal pressures to build up in the economic sys- 
tem that are later released, re-establishing the original trend of growth in the 
labour force. These projections suggest that only policy initiatives designed to 
alter the dynamic relations underlying growth in the labour force can have any last- 
ing effect on the future development of Northwestern Ontario. 


The contents of the remainder of this report may be summarised as follows: 
Chapter II outlines some of the methodological considerations central to this study. 
A more technical discussion of the methodology is provided in Appendix I for those 
who are already familiar with forecasting techniques and who wish to know more about 
the relatively new approach of feedback analysis that is used here. 13 Chapter III 
presents the main findings of this project, i.e., the projected trends until 1981 as- 
suming no policy initiatives. The assumptions used in making the projections are de- 
scribed in detail in Appendix II, and the tests of alternative policy initiatives ap- 
pear in Appendix III. 


a 
ay detailed description of the computer model is available from the Re- 
search Branch at the Ontario Ministry of Labour upon written request. 
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CHAPTER IIL 
METHODOLOGY 


This chapter is divided into two parts. The first, a review of manpower 
forecasting techniques, describes the assumptions that are made, and the attitudes 
towards the labour market that are implied, in several different methodological ap- 
proaches. The second part discusses the methodological principles adopted in the 
present study, and notes in particular the way qualitative, verbal information about 
adjustment processes in the labour market can be incorporated in a computer model. 


The central point of this chapter can be stated at the outset. Data are the 
end-product of extremely complex interactions, whose form is virtually impossible to 
derive from an analysis of the data alone. Yet it is these interactions that govern 
growth in the labour force. An understanding of these interactions requires, in 
place of traditional analytical techniques for evaluating labour market data, a sys- 
tems approach capable of illuminating the structure of the processes occurring in the 
labour market. The interactions that make up these processes need to be postulated 
"in theory" or from "expert opinion" to create the structure of a model. Data can 
then be entered into the model to develop a data base for testing policy initiatives. 
Such an approach is described in the second part of this chapter. 


1. A review of manpower forecasting techniques 


The purpose of manpower forecasting is to obtain an estimate of the discrep- 
ancies between the expected requirements for labour (by occupation, industry, skill, 
etc.) and the expected supply of labour. The rationale behind forecasting is that 
market adjustment mechanisms! cannot be relied on to eliminate discrepancies between 
supply and demand in any satisfactory way; there are simply too many rigidities in 
the labour market to allow perfect adjustment. For example, workers cannot respond 
to price adjustments quickly or effectively because of restrictions on their mobility, 
the lack of sufficient information, and the length of time required to undergo appro- 
priate training for new occupations. The public must intervene to facilitate adjust- 
ments in the labour market, and, in order to do so, it requires a forecast of the ad- 
justments that are needed. 


It is evident that both labour demand and labour supply are components of 
manpower forecasting, because both demand and supply are reflected in any real data 
used in the analysis. Most methodologies of manpower forecasting are concerned with 
both components to the extent that’ they must include some way of separating the ef- 
fects of demand and supply in the data they use (or some way of combining the effects 
of demand and supply in their model to reflect the available data). This is the only 
way in which traditional analytical methods recognise that data are the end-product 
of related interactions. Indeed, although a great deal of the literature on the eco- 
nomic analysis of the labour market is devoted to the relation between these supply 
and demand effects, and although much of the development in statistical and analyti- 
cal techniques for evaluating data also focuses on this problem, the complexity of 
the interactions generating these data has not been generally recognised. This fail- 


Lio: adjustments occurring as a result of price and wage changes that 


would be expected according to classical economic theory. 


ure constitutes the principal weakness of most traditional forecasting techniques. 


Methodologies of manpower forecasting fall into two broad categories: fore- 
casts of outcomes likely only if a specified course of action is taken, and forecasts 
of outcomes likely if no effort is made to secure a particular result. The first 
category, referred to as a "policy-conditional forecast,'' assumes that some control 
can be exercised over the actions Se the second, referred to as an "onlooker 
forecast," assumes no such control. In practice this distinction is somewhat arbi- 
trary, because there is always some form of "control" by the government, even if it 
is exercised merely by publishing an onlooker forecast. 


A further distinction can be made between those methodologies that are 
"theoretical" and those that are "pragmatic.'' The theoretical approach must assume 
that labour market adjustments take place exclusively as a result of price changes. 
These adjustments are known to be imperfect. Nevertheless, the theoretical approach 
assumes that improvements in the adjustment processes can still be brought about by 
manipulating market variables. In order to find out what effect such manipulation 
might have, a mathematical description is developed of adjustments occurring as a re- 
sult of price adjustment mechanisms. This description is then used to determine what 
effect a change in any of the variables may have on the predictions of future adjust- 
ments. Because the mathematical description is derived from historical data the re- 
lations between the variables included in the description are assumed to remain con- 
stant. Any action undertaken to change any of the variables must also be assumed to 
have no secondary effects that might change these fixed relations, otherwise projec- 
tions could not be made. 


It should be noted that a matching of supply and demand is interpreted as a 
matching of the expressed supply in the market and the expressed demand at the given 
prices and wage rates. It is expected, for example, that more people would enter a 
given occupation (i.e., that the expressed supply would be greater) if the wage rates 
for that occupation were higher. This greater supply may include qualified people 
who previously wished to enter this occupation, but who did not do so because the 
wage rates were too low. In the theoretical approach these people are excluded from 
the supply unless their desire to enter a particular occupation is made explicit. 

The levels of supply and demand are thus assumed to depend on prices and wage rates. 


This type of analysis requires a highly theoretical knowledge, generally in- 
cluding a knowledge of price elasticities. Difficulties in this approach arise from 
the lack of adequate theoretical knowledge of labour market adjustments, the lack of 
appropriate data, the exclusion of adjustments occurring for reasons other than 
"prices,"4 and an inability to build into the analysis "real-world" processes that 
are not reversible.” Despite these difficulties, some attempts at manpower forecast- 


ae Ahamad and M. Blaug, eds., The Practice of Manpower Forecasting: A Col- 


lection of Case Studies (San Francisco: Jossey-Bass Inc., 1973), p. 5. 


apetea elasticities take many forms. For example, the elasticity of substi- 
tution between occupations reflects the number of workers who would change occupa- 
tions for a given wage differential (i.e., the differential between the "price" of 
labour in each occupation). 


jrecept those occurring as random variations from predictions based on 
prices. 


oor example, the shift in people's perceptions that accompanies growing ex- 
perience in the labour market. 


ing have been made with this wetnode lon. 


The pragmatic approach is more common. It accepts that manpower forecasting 
is aimed at the difference between actual and desirable market developments. Labour 
supplies are estimated by determining the natural growth of the population, migration, 
changes in participation rates, and the influence of the education system on occupa- 
tions, skills, etc. Demand is estimated through an analysis of industrial develop- 
ment, often with reference to a desired industrial strategy, from which manpower re- 
quirements and consequent excesses and shortages in supply can be determined. Dis- 
crepancies between supply and demand are assumed to be those that would actually oc- 
cur in the absence of specific policy initiatives. 


The matching of supply and demand in the pragmatic approach is interpreted 
as the matching of the desired or required labour supply and labour demand and not, 
as in the theoretical approach, the matching of an expressed supply and demand that 
depend on prices and wage rates. Although this method avoids’ the problems arising 
from an inadequate theoretical knowledge of the effects of prices, it excludes some 
of the adjustments that actually take place as a result of changes in prices and wage 
rates, even though these adjustments are imperfect. Further difficulties often arise 
from the techniques that are used to estimate supply and demand. Knowledge of the 
theory implicit in the technique may be inadequate,’ or the appropriate data may be 
difficult to get. The statistical techniques of regression, correlation, cohort 
analysis, trend analysis, and "percentage" analysis are all oriented towards obtain- 
ing fixed coefficients for the estimated relations based on historical data, much as 
they are in the theoretical approach. These fixed coefficients thus represent the 
past involvements of the government and the effects of other past external conditions, 
but give no indication of what might happen if the government altered its course of 
action or if external conditions changed. 


Still another problem is that the need to establish fixed coefficients from 
past data limits the relationships that are estimated to those involving variables 
for which past data are available. This limitation usually results in the estimation 
of very aggregate or composite relations, and the variables are often transformed 
into abstract quantities such as logarithms and exponents. 


One final distinction can be made in each of the categories mentioned above: 
the way in which the accuracy of the results is judged. Some forecasters attempt to 
predict the actual data exactly, and consider an "accurate" forecast to be one that 
matches or nearly matches those data. Others seek to identify the adjustment process- 
es that generate the data in order to find a dynamic that is not disclosed by the data 
alone; the correct identification of the adjustment mechanisms is more important to 
these forecasters than the accurate prediction of data. The first approach, which is 
predominant, is most often identified with Milton Friedman. ? Implicit in this view 
is the assumption that those elements of human behaviour not accounted for in the 


Ogee Ahamad and Blaug, Manpower Forecasting, for references. 


fers yes example, there is an extensive and often conflicting literature devoted 
to the theory behind input-output analysis, which is often used to evaluate indus- 
trial development, and to the theory behind productivity analysis, which is often 
used to evaluate the relation between industrial output and labour requirements. 


osea the use that N. M. Meltz and G. P. Penz have made of the squared value 
of the unemployment rate for projecting industry sector employment, in Department of 


Manpower and Immigration, Canada's Manpower Requirements in 1970 (1968), p. 7. 


iene Milton Friedman, Essays in Positive Economics (Chicago: University of 
Chicago Press, 1956). 


analysis can be viewed as random ee Laeger eae In the light of more recent sociolog- 
ical research, 11 however, it is evident that even these elements of human behaviour 
are influenced by the social, political, and economic context within which people 
live. To accept Friedman's view one would have to assume that this context did not 
change, and that the government did not alter its actions in any way to meet changing 
environmental, political, economic, social, and cultural conditions. Given the need 
to take account of this social, political, and economic context and the effects that 
government action or changing external conditions may or may not have on this context, 
it seems advisable for the pragmatic manpower forecaster to consider an alternative 
approach. It is advocated here that he should attempt to identify the adjustment 
mechanisms underlying trends of growth in the labour force, and validate his analysis 
by determining, through verbal debate and computer simulation, whether the mechanisms 
he has identified truly represent adjustment processes occurring in the so-called 
real world. These adjustment mechanisms will be primarily non-market mechanisms, and 
will take account of the fact that human actions are not only goal-oriented but are 
also influenced by the feedback of information from the "real world." 


2. The methodological principles adopted in this study 


The methodology used in this study is '"pragmatic,'' and it enhances this prag- 
matism by including some of the non-market adjustment processes that influence the 
labour market. It focuses on an initial "onlooker forecast," but it also provides a 
method for testing policy-conditional forecasts. Because the adjustment processes 
that are identified are of necessity quite simple, the forecast should be viewed as 
only an indication of the pressures on or the direction of future labour supplies. 
In other words, these pressures should be viewed as those resulting from the adjust- 
ment processes, whether or not other events in fact cause labour supplies in the 
future to be difference from these forecasts. The validity of the model is thus de- 
termined from the ability of these adjustment mechanisms to reproduce "real-world" 
processes. 


A number of statistical analytical techniques are also used in this project. 
However, these techniques are used only to formulate the assumptions behind the pro- 
jections of exogenous variables (i.e., those whose variability is not calculated 
within the model; see Appendix I for a systematic discussion of these variables). 
The variables that are calculated internally are treated as both dependent and inde- 
pendent. The coefficients relating variables are also treated as interdependent 
variables.13 


It may be useful to give an example of a typical series of relations that can 
be investigated with the methodology used in this study. Suppose that the government 
has decided to increase its flow of capital into Northwestern Ontario. The immediate 


a amad and Blaug, Manpower Forecasting, p. 23. 


ae for example, The Report of the Mackenzie Valley Pipeline Inquiry, vol. I, 


Il, Mr. Justice Thomas Berger, Northern Frontier, Northern Homeland, and the work on 
Social Network Theory by P. Harries-Jones at York University and S. Berkowitz at the 


University of Toronto. 


pote onente theory assumes that human behaviour is entirely goal-oriented, 
and describes it as a maximising of the utility of the products, services or labour 
purchased within a given budget. 


Stes are not given an exogenously determined variability as they would 
have been if, for example, fertility rates were assumed to decline by fixed amounts 
each year. 


effects of these expenditures are an expansion of industrial output and an increase in 
the number of jobs available. Unemployment falls, while per-capita production and 
the standard of living increase. Despite the economic "take-off" effectsl4 of such 
developments, other adjustment processes may come into play to neutralise these bene- 
fits. The higher standard of living encourages migration into the Region, thus in- 
creasing the population. An increase in the population engenders rising unemployment 
and lower per-capita production, particularly because the increase in migration is 
likely to be delayed and to exceed the expansion of job opportunities. At the same 
time, the higher standard of living increases demands for leisure time and for a 
shorter work-week, demands that will counteract any gains in productivity. In addi- 
tion, despite the historically observable tendency for normal conditions of indus- 
trial growth in the Region to promote private capital inflows, the government-—induced 
acceleration in growth may even result in a reduction of such inflows. 


All of the effects mentioned above are difficult to predict with traditional 
statistical analysis. While it may be true that the data can be used to show a cor- 
relation between, for example, an inflow of capital and the level of unemployment, 
these mechanisms are not shown explicitly, and it is virtually impossible to predict 
what would happen if policy initiatives that change the historical conditions were 
introduced. . 


The methodology used here attempts to find and evaluate the mechanisms that 
link such variables as unemployment and capital inflows. Rather than use a statisti- 
cal analysis of data in formulating the relations, it uses "expert" or qualitative 
descriptions of the adjustment mechanisms. This method permits the series of steps 
in any adjustment mechanism to be stated explicitly rather than as a composite rela- 
tion. It is particularly useful because it can identify the many adjustment processes 
that frustrate policy makers by counteracting the effects that had been expected from 
their policies. The identification of such mechanisms makes it possible to devise 
policies that can produce more lasting results. For example, if in-migration can 
neutralise the benefits of capital expansion, then it is necessary to find mechanisms 
that can prevent the adjustment leading to a delayed net in-migration. 15 If capital 
expansion leads to demands for more leisure time, then more comfortable working con- 
ditions might be introduced to reduce this adjustment; and if such policies lead to a 
reduction of the inflows of private capital, then the use of incentives to private 
capital might lessen the effects of lower pressures for further growth. 


The mechanisms included in this analysis are first identified through a ver- 
bal description of the sequence of steps describing the relationship between one 


14 ; ; ; ‘ : 
The idea of "take-off" effects is that expanded production in one industry 
will encourage growth in other industries, particularly service industries. These 
effects will, in turn, encourage further industrial development, and so on. 


This might be done by increasing the influence of family, friends, and as- 
sociated groups, and reducing the influence of economic factors on migration. (See 
the excellent article on family influences by W. H. C. Simmonds, Through Human Eyes: 
A New Approach to the Problems of Work-forces in Remote Areas [National Research 
Council of Canada, 1976].) Such a policy could also influence trends in investment 
by balancing "industrialisation" pressures with a concern for the relevance of these 
investments to the unique situation of Northwestern Ontario, and by bearing in mind 
particularly the need for environmental protection and protection against economic 
disruption caused by closing down operations. 

No such policy initiatives were tested in this project because to have 
done so would have required a substantial design exercise. To test alternative de- 
signs the computer model would have to be altered in accordance with the design being 
tested. Such an exercise, although relatively simple, was beyond the scope of this 
study. 


- variable and the next up to the point where the effects return to the beginning vari- 
able. This description is a verbal "algorithm" of an adjustment process, which is 
then translated into a computer algorithm in a series of equations describing each 
step needed to calculate each of the variables. For example, the interaction between 
population levels and production can be shown by the following series of equations: 


1. The population in any year equals the population in the previous year 
plus the number of births minus the number of deaths occurring since that 
year. 


pace Population (in time, 7)’ = Population (in time T-1) + Births 
(between T-1 and T) - Deaths (between T-1 and T) 


2. A certain number of the population who are of working age belong to the 
labour force. 


J 
Al na Labour Force = Working-age Population X Participation Rates 


3. The labour force produces an amount determined by the productivity of 
labour. 


A2:; Production = Labour Force xX Productivity of Labour 


4. Production generates a value that is then distributed among the popula- 
tion, 


A3: Per-capita Production = Production + Population 


5. The amount of production per person influences the birth and death rates 
of the population. 
able Feedback adjustments are derived from per-capita levels of pro- 
duction compared to 1971 


6 a , : 
This is a "level" equation. Such an equation always relates the level of 


a variable at a given time to its level at a previous time, making appropriate ad- 
justments for gains and losses between time periods. In order to run a simulation 
using the computer model an initial value is required for the variables given by a 
level equation. 


'This is abbreviated as Population (T). 


LOeee ee : A 

This is abbreviated as Births (T-1). 
19 * ° W Ww A] A . + 
Any equation that is not a "level" or a "rate’ equation is referred to as 
an "auxilliary'" equation. 


Se steps given so far are purely physical relations. At this point, how- 
ever, qualitative judgments must be made on the kinds of personal decisions that 
people make in light of the changes that accompany a rise or fall in production. 
Thus, there is a "feedback" effect of per-capita production on births and deaths. 
This feedback effect is shown in a table that includes a "qualitative" description of 
the adjustments: 


Adjustment to the 1971 death rate 


Adjustment to the 1971 birth rate 
Per-capita production compared to 1971 
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As whe Birth Rate = Birth Rate in 1971 + Adjustment to the Birth Rate 


from Per-capita Production 


A6: Death Rate = Death Rate in 1971 + Adjustment to the Death Rate 
from Per-capita Production 


6. Actual births and deaths are a product of the size of the population and 
the birth and death rates. 


rage Births (T) = Population (T) Xx Birth Rate 


R2: Deaths (T) = Population (T) x Death Rate 
7. As in step 1 for the next year. 
Ll: Population (T+1) = Population (T) + Births (T) - Deaths (T) 


This series of steps is repeated for each year. Because the population is 
divided into five-year age Saute the yearly updating of the population figures also 
uses a type of cohort analysis. 3 After reducing the population by the number of 
deaths in each age group, one fifth of the population in each group is passed into 
the next age group in each year covered by the analysis. Births are then added to 
the first group. 


This interaction between population and production, which is only one of the 
three major adjustment mechanisms identified in this analysis, is more complex in the 
actual model than in the example given above. In the model, the labour force is di- 
vided into the four male and female primary and secondary groups, per-capita produc- 
tion is calculated for each of the three production sectors, and the affects of in- 
and out-migration on the labour force are taken into account. 


The qualitative information for the "feedback adjustment from production" 
was obtained mainly from the work of Forrester and adjusted to reflect the more open 
economy of Northwestern Ontario. Such factors as the tendency of increasing health 
services to reduce deaths and the tendency of lower agricultural production to reduce 
births (i.e., to lower the need for large families) are included. The influence of 
production on migration is calculated according to the principle of "economic ration- 
ality": it is assumed that the economic conditions in different regions determine the 
decision to migrate.24 This assumption avoids the more difficult task of taking into 
account the "subjective" rationales for migrating, i.e., those that the individual 


élue -qpites affected by a feedback adjustment are given a value for one year 
for which there are data--e.g., 1971--and then calculated each year in the simulation 
by adjusting this rate according to the effect of the difference between per-capita 
production in that year and in 1971. 

athe equation that calculates the amount by which the level variables are 
adjusted is referred to as a "rate" equation. 

a EL technique was not used by Forrester. It is used here to incorporate 
in the analysis the effect of the changing age distribution of the population on 
yearly births and deaths. This technique should not be confused with true cohort 
analysis, which develops a mathematical formula for calculating population distribu- 
tions on the basis of past data. 


Ptheres G. Sabir Shakeel, Why People Move from Northwestern Ontario, North- 


western Ontario Manpower Adjustment Study, no. 9 (1978). 


a 


derives from his social, economic, and political situation, or that are guided by the 
networks of family, friends, and associates within which the individual lives. 


A second adjustment mechanism, again based on qualitative information ob- 
tained from Forrester, proceeds from the observation that there is a relation between 
the level of per-capita production and the desire for further growth and, conse- 
quently, for additional supplies of labour. It is known that when per-capita levels 
of production are low the desire for increased production rises, and when per-capita 
levels are high the desire for increased production diminishes. This mechanism im- 
plies that a greater desire for growth results in additional supplies of labour, in- 
creased production, and, finally, a reduction of the desire for further growth. 


A third adjustment mechanism affects the rates of participation in the 
labour force. As participation increases, non-participation decreases. When this 
happens, the continuing requirements of young families for home care and of the pop- 
ulation at large for further education tend to counteract increases in the participa- 
tion rates and thus reduce the effect of production on participation rates. The re- 
duction will be great if non-participation is low, and may disappear completely if 
non-participation is very high. This adjustment is another of the constraints on 
economic growth. 


The last two adjustment mechanisms are somewhat more complex in the actual 
model than the outline given above in that they affect not only participation rates 
but also the employment of the available labour force (i.e., the number of hours each 
worker spends in productive employment as well as the number of pegpts employed) and 
the allocation of this employment to the three production sectors.2 


Each of these mechanisms uses a table that gives a series of values for the 
feedback adjustments. The values given in these tables are significant only to the 
extent that they reflect the trend embodied in the qualitative information on the na- 
ture of this feedback. The actual feedback relation is far too complex to be de- 
scribed accurately except in qualitative terms, but it is generally known whether 
this feedback is negative or positive and whether it is increasing or decreasing. 

The size of the feedback effect is related to the absolute size of the variable ad- 
justed by the feedback effect.28 


These adjustment mechanisms interlock when they affect the same variable, and 
cause the calculations to be extremely complex even though the interactions them- 
selves are relatively straightforward. The many thousands of calculations that are 
required necessitated the use of a computer. 


Ds 

eeae P. Harries-Jones, ''Methods and Decision Assumptions Made in the Inves- 
tigations of a Guaranteed Annual Income," paper presented to the Guaranteed Annual 
Income Conference, Winnipeg, 1976. . 


6 : — 

In Forrester's work these adjustments affect only employment; the partici- 
pation rates were assumed to be constant. The present analysis has extended the ad- 
justment process to include a variable participation rate. 


Bes is known, for example, that a greater per-capita volume of goods de- 
creases (and does not increase) birth rates, and that this decrease grows smaller 
(not larger) as the per-capita volume of goods increases. This observation reflects 
the fact that industrialisation in any country has always been accompanied by a de- 
cline in the birth rate. 


cA example, birth rates drop as per-capita production increases, but the 
size of the feedback effect of per-capita production on birth rates will not be so 
large as to reduce birth rates to zero. 


12 


It should be noted, finally, that the assumptions describing each interac- 
tion can be changed very simply by using an input programme to the computer simula- 
tion model. This system permits the rapid evaluation of the often non-intuitive re- 
sults of particular policy initiatives. The computer programme is thus a tool cre- 
ated by this project to structure the data for Northwestern Ontario in a way most 


useful for further policy analysis. 


ES 


CHAPTER III , 
RESULTS 


Economists have long been concerned about the inability of most traditional 
responses to economic problems to permanently solve these problems. Although they 
have often brought about an immediate "boost" in the economy of an area through such 
policies as increased financial support, they have invariably found that greater and 
greater support was required to maintain the initial benefits or even to re-establish 
the conditions that prevailed before such measures were introduced. 


The analysis presented in this report shows one of the main reasons for the 
impermanence of the benefits of most of these policies. Built-in feedback responses 
and delays generate cycles that continue to operate unless the mechanisms themselves 
are altered. When many such response-and-delay mechanisms operate simultaneously 
their effects can be very complex, but they retain their cyclical nature. Further- 
more, though some of these cycles may require a long period of time for their fulfill- 
ment, they nonetheless have bearing on the immediate future. In other words, the ef- 
fects of these mechanisms are always present and are partially responsible for either 
amplifying the consequences of government actions beyond their intended scope or for 
frustrating them completely. 


The five graphs that appear at the end of this chapter (on pages 16 to 20) 
show "onlooker forecasts" of the growth in the labour force and its three components-—- 
the natural increase in the population, changes in the participation rates, and mi- 
gration--for each of the male and female primary and secondary labour force groups 
and for the labour force as a whole. Data for the total labour force are given for 
the years 1961 to 2020 in order to show more clearly the cycles underlying the eco- 
nomic data of the Region. 


The male primary labour force began to grow in the late 1960s after having 
declined for some time before that. This growth was due to an increase in participa- 
tion rates, a decline in net out-migration, and a growth in the contribution of the 
natural increase in population. However, declining participation rates, growing out- 
migration, and a slower growth in the contribution of the natural increase in popula- 
tion during the 1970s should cause the male primary labour force to continue to grow, 
but at a declining rate, its annual growth dropping from about 700 a year to a little 
over 300 a year by 1982. 


The decrease in the rate of growth in the male secondary labour force began 
in the late 1960s, and should continue through the 1970s, its growth dropping from 
about 500 a year in 1971 to a reduction of 100 a year by 1981. The growth in the 
contribution of the natural increase in population decreases steadily during this 
time, and the rate of growth in participation rates decreases until it becomes a de- 
cline in the participation rates after 1977. 


The rate of growth in the female primary labour force also decreases, its 
rate dropping from 650 a year to 300 a year by 1982. This decrease results from a 
slower growth in participation rates, which decline after 1981. 


An even more sharply decreasing growth in participation rates contributes to 


a decrease in the rate of growth of the female secondary labour force; the annual 
growth in this group drops from 1,300 in 1968 to less than 100 by 1981, increasing 
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after this time as a result of a smaller net out-migration. 


The rate of growth of the total labour force is about 2,700 a year in 1970; 
it drops to zero in 1988, after which it further declines, reaching a rate of loss of 
over 550 a year by 2020. Although the natural increase in the population continues 
to contribute a larger and larger number of people to the labour force each year un- 
til 1976, this contribution subsequently decreases, becoming zero in the year 2004. 


The contribution of participation rates to the rate of growth of the labour 
force follows a cycle. In 1970 it contributes 1,/00 persons a year; its contribution 
drops to zero in 1977, and to a loss of almost 500 persons a year by 1986. After 
1986 the trend reverses, the contribution reaching zero in 2004. After that time the 
contribution once again begins to grow. 


It is rather difficult to explain these trends because they result from the 
many interacting adjustment processes built into the model. However, there appear to 
be several dominant adjustment processes. The declining contribution of the natural 
increase in the population to the labour force is primarily the result of the aging 
of those persons born during the post-war "baby boom." The growth in per-capita pro- 
duction of goods and services results in higher net in-migration (see Appendix II: 
Assumptions Made in Building the Model, page 44), but this is more than offset by the 
higher net out-migration resulting from the decline in per-capita food production. 
The attraction of job openings, particularly for female primary and secondary work- 
ers, which has resulted in an unprecedented increase in participation rates among 
these groups, is expected to diminish, with the result that slower growth may be ex- 
pected in participation rates during the 1970s. This trend is due primarily to a 
greater increase in the demand for non-participation (i.e., for education, home care 
of families, and increased leisure time) than in the demand for further growth in in- 
dustrial production and services. The fact that the projected losses from the labour 
force due to out-migration are greater than the projected gains from the natural in- 
crease in the population after 1990 is the major reason for the reversal in the trend 
of change in participation rates, which again make a positive contribution to the 
labour force after the year 2000. 


This report has projected the effects that some non-market adjustment proc- 
esses have had and will continue to have on the labour force in Northwestern Ontario. 
To this end it has employed an unfamiliar methodology whose implications should be 
kept in mind when interpreting the results. The reader should remember that many ad- 
justment processes have been omitted from the analysis, and that many assumptions 
were made in defining those processes that were included. Nevertheless, it is clear 
from the results of the tests of alternative policies (given in Appendix III) that 
some adjustment processes are highly resistant to change by those methods convention- 
ally adopted to encourage growth in the labour force. 


a5 
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Gharte. 
Increase in the Labour Force (Ages 15 to 64) and Its Components 
in Northwestern Ontario, 1962 to 2020 
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Charts 2 


Increase in the Male Primary Labour Force (Ages 25 to 44) and Its Components 
in Northwestern Ontario, 1963 to 1981 
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Increase in the Male Secondary Labour Force (Ages 15 to 24 and 45 to 64) and Its 
Components in Northwestern Ontario, 1963 to 1981 
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Chart 4 


Increase in the Female Primary Labour Force (Ages 25 to 44) and Its Components 
in Northwestern Ontario, 1963 to 1981 
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Ghart: 5 


Increase in the Female Secondary Labour Force (Ages 15 to 24 and 45 to 64) and Its 
Components in Northwestern Ontario, 1963 to 1981 
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APPENDIX I 


TECHNICAL DISCUSSION OF THE METHODOLOGY 


1. The nature of feedback processes 


The methodology used in this report is based on the notion of feedback pro- 
cesses. The simple example of a governor on a steam engine demonstrates this notion 
very clearly. As the pressure in the boiler increases, for whatever reason, the gov- 
ernor spins more rapidly. The centrifugal force generated by the spinning governor 
causes its attached arms with weighted balls at the ends to fly outward. These arms 
are connected to a regulator that shuts off the supply of fuel as they fly outward 
and increases the supply of fuel as they fall inward. As the pressure increases, the 
fuel supply is diminished, lowering the boiler pressure, and as the pressure de- 
creases, the fuel supply is increased, raising the pressure. 


This is an example of a feedback process, and it illustrates several impor- 
tant characteristics of such processes. First, the variable whose constancy is de- 
sired--the boiler pressure--is continuously monitored by a device connected to a 
source of this pressure--the fuel supply. Second, there is no need to know the 
causes or possible amounts of variation in the boiler pressure; the governor will al- 
ways compensate, within technological limits, by adjusting the fuel supply. Third, 
the system (i.e., the feedback process) is designed so that, regardless of external 
influences, it will adjust itself to counteract these variations. Finally, there is 
a characteristic oscillating behaviour in this system as boiler pressure varies be- 
tween certain limits according to the linkages and delays in the system. 


This example can be usefully extended to include human beings. If, instead 
of a mechanical governor, the system uses an engineer who watches the pressure dials 
and who instructs a fireman to either increase or decrease the amount of fuel to the 
fire, the pattern is much the same. Whether the boiler is driving the train uphill 
or downhill, at high or low altitudes, on rich or diluted fuel, the boiler pressure 
can be held almost constant, again within technological limits, without knowing the 
causes of variation in the pressure, without predicting these changes, and without 
knowing the amount of compensation required for particular causes of variation. 


Although the linkages and delays are somewhat different here than in the 
case of the purely mechanical governor, the basic pattern of behaviour, in which 
boiler pressure oscillates about a desired level, will be essentially the same. If 
the system is extended further to include an inventory of coal, then some knowledge 
of the possible variations giving rise to different volumes of coal consumption is of 
course needed. The system will differ according to the basis on which the decision 
is made to order additional coal, but it will still have a characteristic behaviour 
pattern that will be retained in spite of any changes that may occur in the external 
conditions. The pattern will be different from that of the example above because 


ath particular, there is more than just a channel of communication and ap- 
propriate messages, as in the case of the mechanical governor; people's awareness of 
other people in the process constitutes part of the context within which the elements 
of this feedback process interact. However, this aspect of a feedback process is ex- 
cluded from the example described here in order to investigate other aspects more 
thoroughly. 


Pape 


there are now two feedback processes: one controlling the pressure in the boiler, and 
another controlling the inventory of fuel. 


Stafford Beer, a British cybernetician and business consultant, has noted 
that social institutions are organised so that information feedback generates inter- 
nal responses that hold key variables constant despite many variations in external 
conditions and consequent changes in "other" internal variables or transactions. 
This pattern does not prevent the organisation from adopting an alternative set of 
values or key variables. In the example given above the engineer and the fireman 
might have decided to maintain constant speed rather than constant boiler pressure, 
or even to maintain an ever-greater acceleration, a pattern very similar to the 
growth strategies of many organisations. 


The purpose of this extended example is to demonstrate the key concept of 
the methodology used in this study: that there are information feedback processes in 
society that are structurally determined by institutions, organisations, culture, 
tradition, training, etc., and that the essential effects of these processes endure 
despite many external variations as long as the structure of these processes is not 
altered. It is not by changing attitudes or by providing greater quantities of cer- 
tain factors, but only by redesigning the social, institutional, organisational, and 
other structures that the fundamental dynamic of such a system can be changed. The 
changing of attitudes or variable quantities within given structures is likely only 
to generate internal pressures that will give rise to compensating actions that re- 
turn the system to its original set of values. Such a redesign occurs most often in 
our present society within institutions and organisations in order to compensate for 
external variations and to maintain stable relations with other organisations. Thus, 
the system maintains itself against external influences. 


This is to a great extent the issue to which J. Forrester addresses himself. 
His technique of Systems Dynamics is one way of describing such feedback processes in 
order to study their fundamental dynamic, especially when they are redesigned. Such 
a redesign may mean--to return to the earlier example--introducing a new basis for 
reordering supplies, or it may mean introducing an entirely new feedback system that 
contains the other feedback processes within it. 


The value of Systems Dynamics is that it organises the knowledge of societal 
processes and the feedback contained in them in such a way as to permit the testing 
of alternative designs of the feedback processes and to indicate factors that are 
most likely to produce a new dynamic if redesigned. Because such factors are only 
elements of the system's structure it is unlikely that the new dynamic can be pre- 
dicted intuitively. Instead, they can be discovered only through experimentation 
with the model. 


2. The description of a feedback process 


In order to describe a feedback process so that it can be "computed" by 
electronic means, the verbal description of this process must be translated into a 
series of equations for calculating the size or amount of the different elements in 
the process. In Systems Dynamics this translation is carried out by using the con- 
cepts of "levels" and "rates."3 One can describe a certain element in a process-- 


Ostet fore Beer, Platform for Change (London: John Wiley & Sons, 1975), 
i bo0 


3 : 
These concepts are borrowed from hydrodynamics, in which a reservoir has a 


level of liquid in it and valves which control the rate of flow of the liquid into 
and out of the reservoir. 
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population, for example--by reference to its size at a previous time, plus new addi- 
tions, minus losses. In other words, the "level'' of the population variable equals 

its previous value plus the "rate" of growth (or inflow) multiplied by the length of 
time since the last calculation, minus the "rate" of loss (or outflow) multiplied by 
the length of time since the last calculation. This equation is shown schematically 


in Diagram l. 


Diagram l 


Description of a Process Without Feedback 


Ll 
Ll: P = P + AT(IM-OM) OM 


Population 


Rate of In-Migration 


Rate of Out-Migration 


The feedback is then described by means of a pressure pahie we which shows a 
relation between, in this case, population and migration. If the population is en- 
gaged in productive activity the per-capita production may influence the rates of in- 
and out-migration. This relation is assigned a referential value using the data for 
any one year, so that for the given per-capita production in that year migration rates 
are also given. These are called the "normal" values. Any deviation from this "nor- 
mal" per-capita production will then increase or decrease migration rates from their 
"normal'' values. The amount of the increase or decrease in these "normal" migration 
rates can be given as a table for each amount of deviation from the "normal" per- 
capita production. This relation is shown schematically in Diagram 2 (page 25). 


The per-capita production can be calculated from the level of the population 
and from the exogenous factors of participation in the labour force, unemployment, 
and productivity. A comparison of this to the "normal" per-capita production gives 
the ratio of per-capita production to the "normal" per-capita production, PCP. 


The pressure on, or the adjustment to, "normal" migration rates is then ob- 
tained from a table. At a PCP of 1 (i.e., at a per-capita production equal to the 
"normal" per-capita production) the pressure is zero. (Note that POI is given as a 


“The symbols used in these diagrams are taken from Forrester, Economic De- 
velopment. 


>The concept of the pressure table was developed by Forrester; see Economic 


Development. 
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percentage adjustment to "normal" migration.) The rest of this table shows other in- 
tuitively known adjustments. At a PCP of 0 there is unlikely to be any in-migration; 
the pressure, therefore, is -1. The other points in the table reflect the fact that 
as PCP rises the increase in the in-migration rate is likely to be rapid at first, 
becoming less pronounced as the PCP rises above 1. This trend is shown in Diagram 3. 


Diagram 3 
The Relation Between Pressure on In-Migration and Per-Capita Production 


EOF 


+O 


a0. 


PCP 


The actual values in this table are not important as long as at a PCP of 1 the POI is 
equal to zero and the shape of the graph reflects an understanding of the feedback 
relation. The shape of this graph gives the values in the table, and constitutes the 
information contained in the model that requires the most careful evaluation. The 
shape of the graph cannot be ascertained merely from an empirical analysis of the 
data, which have resulted from many such interacting feedback processes. 


The feedback relation is completed by calculating the rate of in-migration 
for a given year as the product of the "normal" rate and the pressure on in-migration. 
Thus, at a PCP of .5 (i.e., half the "normal" value), in-migration will be 1 - .35, 
or .65 of its normal level. This in-migration affects the level of the population, 
which in turn alters per-capita production and the pressure on in-migration. 


The structure of the model (i.e., the feedback loops) can be established in 
the manner described above. The actual dynamic of the model can be studied with data 
(either actual or arbitrarily selected) on initial values, normal values, the values 
of exogenous variables, and the pressure table. This dynamic depends primarily on 
whether the feedback loops are positive or negative. In the example given above 
there are two loops, shown schematically in Diagram 4 (page 27). As population in- 
creases, total production increases, thus causing per-capita production to increase. 
As per-capita production increases, in-migration also increases, thus causing popula- 
tion to increase. If this were the only feedback loop, population would evidence a 
growth "time-path" (see Diagram 5, page 28). However, an increase in the population 
decreases per-capita production. This feedback loop from population, per-capita pro- 
duction, and in-migration to population contains an odd number of negative relations 
and is therefore a negative loop. The result is a self-correcting "time-path" for 
population (see Diagram 6, page 28). The combined effects of the two loops produce a 
characteristic constrained growth "time-path" (see Diagram 7, page 28). 


The dynamic effect of the feedback processes can be studied by describing 
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Diagram 4 


Feedback Loops Affecting Population 
Through In-Migration 


Population fn 
+ 
Total 
p ; Production 
In-Migration - 
+ 


Per-capita 
oe Production 


the "real world'' by means of many such interlocking feedback loops. Whether or not 
this description is complete, if these feedback processes actually occur their dynamic 
effects will be present as underlying pressures in the data of future development. 

Any attempt to change these data would then be frustrated by these underlying pres- 
sures unless the structure of these feedback processes is also changed. 


36 A brief description or the model 


The Labour Force Model presented here is based on the work of N. Forrester. 
In his opening remarks, Forrester says: 


The model presented here is designed to help ex- 
plain the dynamics of stagnation in industrial eco- 
nomies, how pressures latent in the growth phase 

can emerge later to suppress growth. The model 
serves as a laboratory to test the impact of various 
policies on the life cycle of development .. . The 
model deals with the shifting allocation of labour 
and capital between major production sectors to bal- 
ance the needs of the_population during [this] life 
cycle of development. 


Although Forrester's model is designed to study the complete "life cycle" of an in- 
dustrial economy, the principles of latent pressure that emerges only at a later time 
and of the shifting allocation of resources depending on the stage of development 
hold true even if only part of this life cycle is studied. The Labour Force Model 
reveals the patterns of labour supply that are created by the dynamics of a number of 
feedback processes. It is a "collapsed'' version of the Forrester model using exoge- 
nous variables that are given predetermined values for each year of the forecast 
period. This procedure avoids many of the complex interrelationships in the economic 
sector of the Forrester model and permits concentration on the demographic and labour 
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Diagram 5 


Positive Feedback (Growth) 


Populatton 


Time 


Diagram 6 


Negative Feedback (Self-Correcting) 


Populatton 


Time 


Diagram 7 


Combined Positive and Negative Feedbacks 
(Constrained Growth) 


Population 


Time 
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supply sectors. These sectors are an expanded version of those given in the Forres- 
ter model, and are designed to a) treat births and deaths separately, b) include 
five-year age and sex distributions of the population, c) account for migration and 
capital flows in the "open" economy of Northwestern Ontario, d) distinguish between 
male and female primary and secondary labour force groups, and e) include variable 
rates of participation in the labour force, influenced by their own feedback processes 
for each labour force group. 


The two sectors of the model are shown schematically in Diagram 8 (page 30). 
The population sector calculates population from births, deaths, in-migration, and 
out-migration. Each of these factors is influenced by the pressures of per-capita 
production in food, goods, and services. The values for these three production sec- 
tors are calculated in the labour supply sector from the size of the labour force 
(obtained from population and participation rates) and its allocation to the produc- 
tion sectors. The actual activity in each production sector, in relation to the de- 
sired activity, also exerts pressures on the participation rates and on the alloca- 
tion of the labour force. The rates of participation and the allocation of labour 
are prevented from being wholly responsive to the demands of production by interact- 
ing with their opposites: the desire for non-participation and the desire for non- 
allocation (i.e., the desire for time to be spent outside productive activity). 


Initial figures are required for population (including its distributions by 
age and sex), participation rates, and the allocation of labour. The values used in 
this study are the 1961 data from the Statistics Canada Census and Labour Force Sur- 
vey. Feedback pressure tables are developed for the relations between per-capita 
production in each of the three production sectors and births, deaths, in-migration, 
and out-migration; "normal" values for these last four variables by age and sex are 
also required. Data for 1971 were used because extensive census information was 
available for that year. The age and sex distributions of feedback pressures are 
given as exogenous tables for each time period between 1961, 1966, 1971, 1976, and 
1981. To obtain an age and sex distribution of the pressures affecting births and 
deaths, in-between years are interpolated from the values given in the tables. The 
distributions of migration are five-year averages; 1961 values are therefore used for 
1961 to 1965, etc. 


The calculation of per-capita production levels requires "normal" productiv- 
ity levels (again for 1971) and exogenous tables giving the percentage of this "nor- 
mal'' productivity for the years 1961, 1966, 1971, 1976, and 1981; the in-between 
years are again interpolated. Feedback pressure tables are developed giving an index 
(on a scale of 0 to 10) of the desire for further growth at different values of per- 
capita production. ® This index is compared with similar indices obtained from feed- 
back pressure tables relating non-productive time to the desire for further non- 
productive time and participation rates to the desire for lower participation rates. 
The comparison of the two indices in each case is then used to calculate the pressure 
on the changing allocation of labour and changing participation rates. Exogenous de- 
lays must be known in order to calculate the amount of pressure that will bear on 
labour allocation and participation rates in each year. Because participation rates 
are calculated separately for each of the male and female primary and secondary labour 
force groups, exogenous tables are also required to distribute the index of the de- 
sire for further growth in each production sector to these four groups. These exoge- 
nous tables are given for the years 1961, 1971, and 1981, and in-between years are 
interpolated. 


The Forrester model was programmed with a specialised computer language 


called DYNAMO. In order to make it easier to enter the required data and to run a 


It is possible to give different feedback pressure tables for different 
years. 
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Diagram 8 


Structure of the Labour Force Model 
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simulation exercise through a computer terminal, the Labour Force Model has been pro- 
grammed in APL. The use of this programming language made it possible to develop a 
number of specialised "systems" routines that enable the Labour Force Model to inter- 
act fully with the user, guiding him in using the model and asking for all the data 
necessary to perform a simulation experiment. The only technical knowledge the user 
needs is how to "sign on.'' The user can then work with the data that have previously 
been stored, he can change the data for a particular simulation experiment, or he can 
create a new set of data. The data files can also store a brief description of the 
assumptions underlying the data. The user can select the number of years over which 
the simulation is to be run, the output variables he wishes to see, and the years for 
which the output data are to be printed. Finally, the output can be directed to the 
terminal or to the central computer facility for printing on a high-speed line 
printer. 


4. The structure of the model 


Forty-three feedback processes are included in this model. Each can be de- 
scribed with reference to its direction (positive or negative), its shape (increasing, 
decreasing, etc.), and, when feedbacks affect the same variable, its importance in 
relation to others. The dynamics of this model are also influenced by time-related 
exogenous variables. (See Appendix II for details of the values used in the feedback 
tables.) 


4. A. Feedback processes in the population sector 


There are 26 feedback processes affecting population (see Diagram 9, page 
32). The four feedback relations between production and births, deaths, in-migration, 
and out-migration from each of the three production sectors give twelve relations be- 
tween production and population. These relations can be part of either the direct 
feedback loop between population and per-capita production (1 to 12) or the indirect 
loop between population, the labour force, and per-capita production (13 to 24). 
Births and deaths are each part of a feedback loop with population (25 and 26). 


Feedback loops 1 to 12 all contain the negative relation between population 
and per-capita production shown by the identity 


F ; Production 
Per—capita Production = ——— 
Population 
However, because the capital stock of goods produced is durable and provides services 

(or value) to the population over a period of several years, the identity used is 


Per-capita Goods eS eea ele 2 
Population 

The combination of in-migration and out-migration yields a net migration 
that is positively sloped; in other words, there is greater net in-migration at 
higher per-capita levels of production or goods stock. Food production has its great- 
est effect close to 1971 per-capita values, the production of goods and services 
having a greater effect at both high and low per-capita values. Food production has 
a positive effect on net births (i.e., net births increase as per-capita food produc- 
tion increases) except at low per-capita levels, where reducing the per-capita produc- 
tion of food increases net births. Goods and services have a negative effect on net 
births, each having approximately equal weight. 


The direction of loops 1 to 12 is reversed in loops 13 to 24. The relative 
effects of loops 13 to 24 and loops 1 to 12 is determined by the product of partici- 
pation rates (determined in the labour supply sector) and the exogenous productivity 
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levels. 


Births and deaths are represented by simple loops that are positive and neg- 
ative, respectively. Births increase as population increases, and thus add further 
to the population. Deaths also increase as the population increases, and cause a re- 
duction in the population. 


4. B. Feedback processes in the labour supply sector 


There are 17 feedback processes affecting the labour force, in addition to 
loops 13 to 24, which also affect the population. Each of the three production sec- 
tors has a feedback relation with each of the male and female primary and secondary 
labour force groups, so that there are 12 feedback loops, 27 to 38 (see Diagram 10, 
page 34). The three production sectors also affect the allocation of labour, creat- 
ing loops 39 to 41. Participation rates and the allocation of labour are each a part 
of loops formed with the desire for their opposite, creating loops 42 and 43. 


An increase in the rates of participation increases the labour force, as may 
be seen in the equation 


Labour Force = Population < Participation Rates 


A larger labour force increases the allocation of labour (calculated in hours) ac- 
cording to unemployment and the length of the workday, and an increase in the alloca- 
tion of labour raises production according to productivity and capital availability. 


As per-capita production in any of the production sectors increases, the de- 
sire for further growth of output from that sector decreases. The services sector 
has the highest desired growth, the goods-production sector the second highest, and 
the food-production sector the lowest. This desire for further growth is multiplied 
by the number of persons in the labour force in each sector to obtain the desired 
labour supply. Multiplying this desired labour supply in each sector by the exoge- 
nous percentages of labour required by that sector from each of the labour force age 
and sex groups and dividing by population gives the desired participation rates for 
each sector. There is thus a negative relation between production and participation 
rates. The results for each sector are added together and divided by the desired 
non-participation in each labour force group to obtain the desired adjustment to the 
participation rates. 


When participation rates and per-capita production are low the desired ad- 
justment can be as high as 16 times current values. If there is a time delay in 
making this adjustment of, for example, 25 years, then the maximum upward adjustment 
to the participation rates in any year is 0.6 times current levels. When participa- 
tion rates and per-capita production are high the desired downward adjustment can be 
as large as 0.95 of current values, giving a maximum negative adjustment to partici- 
pation rates in any year of 0.04 times current levels. 


To obtain the allocation of the available labour supplies to each sector in 
hours, the desired growth is divided by the desired non-productive time; the result 
is the desired increase or decrease in the existing labour time allocated to each 
sector. The desired increase can be as high as 16 times the current allocation of 
labour in any sector when per-capita output is low and non-productive time high. The 
desired decrease in the allocation of labour can be as great as 0.95 of the current 
allocation when per-capita output is high and non-productive time low. Adjustment 
delays for labour moving into or out of each sector are between four and five years. 
There is thus a maximum desired upward adjustment in any year of three times current 
levels and a maximum desired downward adjustment in any year of 0.2 times current 
levels. The actual adjustment to the allocation of labour will depend on the avail- 
able labour time and the relative size of desired adjustments for each sector. 
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It is clear from the figures presented above that the potential increase in 
the participation rates or the allocation of labour is greater than the potential de- 
crease in any one year. This generates a "ratchet" effect in the adjustments over 
time: it takes much longer to reduce participation rates and the allocation of labour 
by a given amount than to increase them by the same amount. 


5. Conclusion 


The methodology of feedback analysis described above is used to determine 
the structure of social processes. The use of historical data provides initial 
values for the simulation exercise, "normal" values for calibrating and simplifying 
internal calculations, exogenous tables of those variables that are included in the 
structure but not derived within it, and qualitative information for deciding the 
values to be entered into the feedback tables. The structure itself is derived 
neither from a statistical analysis of this historical data nor from the economic 
theory of price adjustments. 


By making this structure explicit in the simulation model the adaptability 
of the feedback processes in adjusting themselves to variations in external condi- 
tions and in maintaining their principal effects in the social system can be deter- 
mined. The reader should note, however, that although this methodology may be a sig- 
nificant advance in the ability to study the structure of social processes, many 
questions about the advantages and disadvantages of this approach remain unanswered. 
The methodology used here does not account for the fact that social systems contain 
hierarchies of authority, nor does it permit the analysis of such social activities 
as the ordering of priorities and the altering of objectives by people in the social 
system. In certain respects, then, this methodology is "static" even though it has 
been designed to mirror many aspects of the dynamic behaviour of social systems. 
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APPENDIX IIL 
ASSUMPTIONS MADE IN BUILDING THE MODEL 


The methodology used in this project is unique in that it forces the re- 
searcher to state explicitly assumptions that would only be implicit in studies using 
other methodologies. Indeed, the structure of this model is itself an assumption: 
the feedback processes that have been included and the way in which they operate are 
derived from "expert opinion.'' The design of the model may be summarised as follows: 
Population, participation rates, and the allocation of the labour force to the three 
production sectors determine the levels of production for each sector. Production 
and population determine per-capita production. These per-capita values influence 
the birth rate, the death rate, in-migration, and out-migration, the figures for 
which are then used to update the figures for the population. They also influence 
participation rates and the allocation of the labour force to the three production 
sectors. Births and deaths are a product of birth and death rates and of the level 
of the population, including its age and sex distributions. Participation rates and 
the allocation of the labour force to productive activities in the three sectors are 
limited by desired non-participation and desired non-productive time. 


The assumptions used to obtain the data for this model can be divided into 
four categories: 1) initial values for starting the simulation run, 2) normal values 
for calculating variables affected by feedback pressures, 3) the feedback pressure 
tables, and 4) exogenous values. 


1. Initial values 


Initial values are required for the population, rates of participation, the 
allocation of labour, and the stock,of goods. The population figures for Northwest- 
ern Ontario as a whole are given in Table 1 (page 37). Data on the labour force were 
not available by age group for 1961. The rates of participation were therefore as- 
sumed to be as follows: Male participation rates dropped from .877 to .839 between 
1961 and 1971. This change is assumed to have resulted almost entirely from a drop 
in the primary male participation rates” (see Table 2, page’38). Female participa- 
tion rates increased from .302 to .430 between 1961 and 1971. This increase is as- 
sumed to be almost evenly distributed between the primary and secondary age groups 
(see Table 3, page 38). 


The initial allocation of labour is obtained from the man-days worked in 
each production sector in 1961 and an assumed number of hours in the workday in each 
sector (see Table 4, page 38). 


The initial stock of goods was not known. In the model this stock is calcu- 
lated from the 1961 level of goods production by assuming that goods have an average 
lifetime of five years, and that the stock of goods grows at an initial rate of 5 
percent a year. Because all per-capita levels are "normalised" to 1 in 1971 (see 
Appendix I), the "normalised" production of food and services in 1971 is given an in- 
dex value equal to the population in that year. The stock of goods can also be nor- 


if 
The separate participation rates for male and female primary and secondary 
age groups in 1961 are unknown. 


36 


*snsue) T9O6T Sepeueg SoTAST IeIS +909ANO0s 


9¢zzv° | 5600° | 86800° | 6€0TO" | ZZzT0" 6T9TO* | 9ZTZO" | €69Z0" | 89DEO* | BZSEO" | BECEO® 1oteo* | 9zoeo" | vSSE0" | 6S0SO" | STZSO° 696¥70°| T6€TO’ 
CTEZOT | vL0°Z | S76ST | 647°? eerie woug* se + yO9ty: |: Et8°S z¥9°9g | ov9cc | TTO‘L | 8zL°9 zss*9 | 969%2 | SS6*OT 1€*ZT | OSLSOT| TTOSE 
soTeuey 


»h1zS° | 90ZTO" | TOTO’ | TTETO" | 6€8TO" co¢ezo’ | s9szo° | Z60E0" | EvZEO" | E9LEO® | ETOEO® OEGEO = 11SCEE0" 1zeso* | ZIT9O* | 89TSO* | 797TO" 
gozyTt | zt9‘z | g6z‘z | 6€8*2 zeete | 067°) ¥-566"S *[569°9 zzo*z | cyt’s | €27*s | T99%L 796°9 | €€8tL | ZZS°TT vezfET | T6T* TE) OLT E 


| freien | oe 7/-OL | 69-S9 | 79-09 7S-0S Jers | ty-O | 6€-SE | 7E-OE | 62-SZ | 72-07 


sdnoay e8y aeex-2ATA AQ T96T UF OFAPIUO uze semy,ION Jo uoTjeTNdog eUuL 


asequeoieg 


zequnyy 


asequs.ieg 


zequny 


I eTqeL 


37 


Table 2 


Male Participation Rates in Northwestern Ontario, 
L961. and=1971 


Loge HOF Ave. 


Primary ae) 941 

Secondary She v6 

Total* Soa) 839 
Table 3 


Female Participation Rates in Northwestern Ontario, 
1961 and 1971 


1961 1971* 
Primary Ye, 429 
Secondary se e431 
Total* 302 430 
Table 4 


Initial Allocation of Labour in Northwestern Ontario, 1961 


Man-Days** Hours/Day Hours % of Total Hours 
Labour in Food 2 8 21,688 ~O1214 
Labour in Goods 28,469 5 A234 -07969 
Labour in Services 43,250 4 173,000 .09685 
Total 74,430 24 33% 093 ---- 
Non-Productive Time ---- -- ---- 81132 


*Statistics Canada, Labour Force Survey, 1961 and 1971 (Microfilm). 


*&*Statistics Canada, Census Data, 1961. 


malised in this way, though this method does not give the index value of normalised 
production. Consequently, several adjustment times were tried for labour moving in 
and out of goods production until an adjustment time was found that resulted in a 
per-capita production of goods of 1 in 1971. The level of production in 1961 was 
about half that of 1971, a proportion that corresponds roughly to that between the 
value of shipments in mining and manufacturing for 1961 ($340,429,000) and 1971 
($610,007,000). 


2. Normal values 


"Normal" values were required for birth and death rates, migration, and 
productivity. These variables were assigned the values they had in Northwestern On- 
tario fin £97, 


The birth rates are the age-specific fertility rates for females 15 to 50 
years old distributed to five-year age groups (see Table 5, page 40). The death 
rates are the age-specific mortality rates distributed to five-year age groups. The 
infant mortality rate was used for age 0; the rate for the 1-to-4 age group was cal- 
culated from census population and mortality rates for the 0-to-4 age group (see 
Table 6, page 40). 


In-migrants and out-migrants for the year 1971 were calculated from Statis- 
tics Canada, Special Tabulations, Taxation Data. Because figures for migrants be- 
tween particular localities that were less than five were not printed except in the 
total, the printed figures were aggregated to the age groups 0 to 14, 15 to 24, 25 to 
44, 45 to 64, and 65+, and differences in the totals were allocated to these groups 
in the same proportion as the amounts in each age group (see Tables 7 and 8, page 41). 


The "normal" labour productivity is calibrated so that under 1971 conditions 
the per-capita production is equal to 1 (except in the goods sector; see above, page 
36). Thus, the "normal" productivity is found by dividing the 1971 population 
(224,370) by the number of man-days worked in each sector. The number of man-days 
worked in the food sector in 1971 is 1,450; the "normal" productivity is therefore 
154.74. The number of man-days worked in the services sector in 1971 is 50,295; the 
"normal" productivity is 4.46. The "normal" productivity in the goods sector was 
calculated to be 2.0. 


3. Feedback pressure tables 

The feedback pressure tables relating per-capita food, goods, and services 
to birth and death rates, in-migration, and out-migration have a pressure variable 
equal to zero at a per-capita level of 1, because under "normal" conditions there are 
no adjustment pressures. The shape of the feedback relation and the relative impor- 
tance of the three sectors is assumed intuitively. 


Pressure on births by food production is assumed to be positive at low per- 
capita levels because it has been observed that production at low levels occurs on 
family farms with large families. The positive effect is not high enough, however, 
that it cannot be offset by rising per-capita goods and services, which can be ex- 
changed for food. This positive effect drops as per-capita food production increases, 
and rises again when per-capita production is large, again reflecting the higher 
birth rate of farming families. Goods and services are both in negative relation to 
births, in accordance with the observation that increasing industrialisation and ser- 
vices such as education and family planning bring lower birth rates. Services are as- 
sumed to have a greater effect on births than the production of goods; the maximum 
negative effect occurs at twice the 1977 per-capita production, goods and services 
together reducing the fertility rates to 2.0 from their average 1971 level of about 
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District 


Thunder Bay 


Rainy River 


Kenora 


Northwestern 
Ontario* 


District 


Thunder Bay 


Rainy River 


Kenora 


Northwestern 
Ontario* 


Table 7 


In-Migrants to Northwestern Ontario, 1971 


0-14 15-24 25-44 45-64 65+ 
Male 936 983 1,058 278 113 
Female B71. 758 919 222 Nh 
Male 256 183 269 49 30 
Female 254 167 209 41 29 
Male 477 507 586 134 ape 
Female 439 371 452 118 45 
Male 1,382 1,391 1,595 375 151 
Female 1,299 1,043 1.345 332 156 

Table 8 


Out-Migrants from Northwestern Ontario, 1971 


ory 15294 25-44 4564 65+ 
Male 973 907 1,083 323 160 
Female 812 761 813 274 140 
Male 150 188 153 55 28 
Female 139 144 132 46 33 
Male 564 483 594 172 100 
Female 533 482 526 135 83 
Male 1,364 1,296 L512 464 245 
Female Le219 L134 1 5236 403 217 


*Migrants to and from Northwestern Ontario are calculated as the 
total of the three Districts minus migrants between these Districts. 


2.9 (see Table 9, page 43). 


Pressure on deaths by the production of food, goods, and services is in a 
negative relation. Food production has the greatest effect because of the direct re- 
lationship between the nutritional quality of food and the health of its consumers. 
Because the economy of the Region is “open,'' however, low per-capita food production 
does not necessarily mean that people will starve, because goods and services can be 
traded for food. The effect of services levels off above 1.5 times the 19/1 per- 
capita production, as reasonably high health standards are likely to be reached; be- 
low 0.5 times 1971 per-capita production the effect again levels off as "services" 
are provided by friends and neighbours. The production of goods has the smallest ef- 
fect on deaths except at very low per-capita levels. Without the capital goods nec- 
essary for mobility, instruments, facilities, etc., the death rate can be very high 
(see Table 10, page 43). 


The pressures of the production of goods, services, and food on in-migration 
have positive slopes, whereas the pressures of the production of food and goods on 
out-migration have negative slopes. The pressure of services on out-migration is 
different. Improved services can at first increase out-migration by making the popu- 
lation more mobile before local services have improved sufficiently to reduce the de- 
sire to leave the Region. The maximum negative effect on in-migration is -1l, which 
occurs at or near production levels of zero. Food production has the greatest effect 
on migration, because of the use of migrant farm workers and the pressures of high 
food costs on out-migration (although these effects level off at high and low per- 
capita levels). Services has a slightly smaller effect, but the positive effect on 
in-migration and the negative effect on out-migration increase as per-capita produc- 
tion rises to twice its 19/71 level. The production of goods has less effect on mi- 
gration although, like services, its effect increases as per-capita levels rise (see 
Table 11, page 44). 


The other feedback pressure tables relate per-capita production to the de- 
sire for further growth, and the participation rates and non-productive time to de- 
sired non-participation and desired non-productive time. The tables showing desired 
further growth all have negative slopes; in other words, the desire for further 
growth decreases as per-capita production increases. This desire is given an index 
value between 0 and 10. Services maintains the highest demand throughout its slope, 
goods the second highest, and food the lowest. At per-capita levels of 1, both the 
production of goods and services have a positive desired growth (i.e., a desire index 
greater than 1), while food production has a desired reduction (i.e., a desire index 
less than 1) (see Table 12, page 45). 


‘There is a positive relation between the participation rate and desired non- 
participation; that is, desired non-participation increases as the participation rate 
increases (see Table 13, page 46). Desired non-participation equals 1 when the de- 
sired stable participation rate has been reached in each of the male and female pri- 
mary and secondary labour force groups. These rates are assumed to be as shown in 
Table 14 (page 46). 


Desired non-productive time is in negative relation to non-productive time; 
that is, as non-productive time increases the desire for non-productive time de- 
creases. Forrester has estimated that under "normal' conditions about 85 percent of 
the total man-hours available--including those devoted to sleeping, eating, holidays, 
relaxation, shopping, etc.--are non-productive. When non-productive time equals 85 
percent of total man-hours, the desire for non-productive time is assumed to equal 
1; that is, no change is desired (see Table 15, page 47). 
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Table 9 


The Feedback Pressure of Per-Capita Production on Births 
(for Food, Goods, and Services) 


Pressure 
on 
Births Services 
=. 


ng HAS. 


+O la 


PCE 


table 10 


The Feedback Pressure of Per-Capita Production on Deaths 
(for Food, Goods, and Services) 


Pressure 
on 
Births 
+0.5 
» 
as ot ee 
Services ee 
x 
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TabLler12 


Feedback Desire for Further Growth 


Index of 
Destre for 
Further 
Growth 


10 


Services 


PCr 
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Table 13 


Desire for Non-Participation in the Labour Force 


Index of Destred 
lon-Partictpatton 


) 

8 

7 Primary Female ——~y «— Primary Male 

Secondary Female Secondary Male 

6 

2 

4 

3 

2 

AL eae eiesiavawiaes wate me (eeieseesienmeluet aaa scensaudineeks naar Se ae a ere nec Sooke aicctiey! ee eens 
| 

0 $+, Parttetpation 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 tee 

Table 14 


Desired Stable Participation Rates 


Primary Male o91 
Secondary Male .80 
Primary Female Aye 
Secondary Female Ales 
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Table 15 


Desire for Non-Productive Time 


Index of 
Destred 
Non-Producttive 
Time 


10 


Non-Productive 
Time (%) 


4, Exogenous values 


The exogenous values used in this model can be divided into four groups: 
those used in the population sector to a) update the population figures and b) calcu- 
late feedback pressures; and those used in the labour sector to c) calculate produc- 
tion and d) calculate feedback pressures. 


In updating the population figures the ratio of births by sex is assumed to 
be .505 males to .495 females. The ratio of male to female live births for the years 
1951 to 1971 is shown in Table 16. 

Table 16 


Ratio of Male to Female Live Births, 1951-1971* 


Year Male Female Ratio 
1951%** Zl 23095 POLO 
1956 2,860 Zig Ae ROHES 
LO Glas Ses 3,048 507 
1966 2303 2.202 oad 
POF 4d 2.05 L Za L27 Aes: 


*Province of Ontario, Vital Statistics, 
Registrar General's Office, 1951, 1956, 1961, 1966, 
a Fee, 


*kDoes not include the Patricia Portion. 


The model uses exogenous tables to distribute feedback pressures in the pop- 
ulation sector by age and sex. The distributions of births and deaths in 1961 and 
1966 are obtained from the change in age-specific fertility and mortality rates as a 
percentage of total change between 1961 and 1971 and between 1966 and 1971. The dis- 
tribution in 1971 is equal for all age and sex groups. Projections of age-specific 
birth and death rates for 1981* are used to calculate the change from 1971 for each 
age and sex group as a percentage of total change (see Table 17, page 49). 


The distribution of feedback pressures on death rates according to five-year 
age groups was highly variable. Therefore, deaths were aggregated to the same age 
groupings as migrants--i.e., 0 to 14, 15 to 24, 25 to 44, 45 to 64, and 65+--and the 
five-year age-specific pressure distributions were considered equal within each mi- 
gration age grouping. One exception was the 65+ group, in which two-thirds of the 
pressure was allocated to the 75+ age group and one-sixth each added to the 65-to-69 
and 70-to-74 age groups. Within the 0-to-14 group the infant mortality rate was used 
for age 0, and the rest distributed to the 1-to-4, 5-to-9, and 10-to-14 age groups in 
proportion to the difference in the death rates for each of these groups in 1971. 
This procedure was required because the actual death rates vary considerably among 
these age groups (see Table 18, page 50). 


eae lod and Shakeel, "Improved Forecasting." 
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An initial estimate of the pressure distribution on in-migration and out- 
migration was made with the taxation data for 1966 and projected back to 1961. These 
were then adjusted in order to obtain the correct age and sex distributions of the 
population in 1966 and 1971 in the simulation runs. It should be noted that these 
distributions are dependent on the values used in the pressure tables. If different 
values had been used in the tables--e.g., lower figures for in-migration and out- 
migration--the net migration and changes in the population would have remained the 
same, but the data for the pressure distribution would have to have been altered to 
obtain the correct age and sex distributions. The figures that have been selected 
for the pressure table reflect the 1966 levels of in- and out-migration and of net 
migration (in- and out-migration figures were not available for 1961 alone). Thus, 
the pressure distribution table has been set for these migration levels to obtain the 
correct age and sex distributions of the population for 1966 and 1971 (see Table 19, 
page 52). 


The figures for 1981 reveal straight-line projections for in-migration. The 
increase of out-migration between 1971 and 1981 is expected to be smaller than the 
straight-line projections for males 0 to 14 years old and females 25 to 44 years old 
(both groups had the greatest decrease of out-migration between 1966 and 1971), and 
larger for males 15 to 24 years old and females 45 to 64 years old. 


These age-distribution tables for changes in the migration rates permit the 
testing of alternative assumptions, particularly changing values, that affect migra- 
tion to and from the Region. One may test, for example, the attraction of the "fron- 
tier" north for prime-working-age males and young families; or the desire of young 
males and females to seek greater opportunities in Southern Ontario after early in- 
dustrial advances have allowed them to taste the "good life" in Northwestern Ontario; 
or the decision of some young couples and retired people to "escape to the country." 


A number of exogenous variables are used in calculating production. The 
first is the productivity of labour, which is shown as a percentage of its 1971 level 
(see Table 20, page 53). 


Unemployment rates, obtained from the same source, are shown in Table 21 
(page 53). Unemployment is assumed to remain at 15 percent until 1981. Alternative 
assumptions can be tested in the model, though such assumptions may produce different 
figures for the 1981 projections without altering the dynamic effects of the adjust- 
ment mechanisms built into the model. 


The length of the workday in each sector is assumed to remain constant in 
the initial "“onlooker" forecast, although different assumptions have also been tested 
in the policy-conditional forecasts (see Appendix III). 


Included in the calculation of production levels is a possible limitation of 
available capital. The potential output is calculated first. The amount of capital 
required is then calculated from the labour employed and exogenous ratios of capital 
to labour. A "deficiency" ratio is then obtained by comparing the required capital 
to the available capital (i.e., if the available capital is four-fifths of the re- 
quired capital the deficiency ratio is 0.8). The potential output is then reduced by 
multiplying it by the deficiency ratio. This procedure is applied to the production 
of goods and services but not that of food. 


The ratios of capital to output are 25 in goods production and 15 in ser- 
vices. The ratio of capital to labour in goods production is $250,000 in capital 


anede figures are obtained from background data prepared for Lynne Mitchell, 
"An Economic History of Northwestern Ontario," Northwestern Ontario Manpower Adjust- 
ment Study, no. 1 (1978). 
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Age Group 


Table 19 


Age and Sex Distributions of Feedback Pressure on Migration 


1961-66 1966-71 1971-81 1961-66 1966-71 1971-81 


Females 


Table 20 


Productivity as a Percentage of Its 1971 Level in Northwestern Ontario 
(1961 7 28966 5 97 P, 19767 2198 ))* 


1961 1966 1971 1976 1981 
Food 15724 E7657 a 27428 183572 
Goods -4706 ./647 E 1.0588 131765 
Services $3125 28750 1 11250 143925 


*These figures are obtained from background data prepared for 
the Northwestern Ontario Manpower Adjustment Study from Statistics 
Canada, Census Data. 


Table 21 


Unemployment in Northwestern Ontario 
(1961, bo7 1 Lee) 


1961 LOAL 1981 
Unemployment 2 cits 152 T52 
Table 22 


Net Capital Availability in Northwestern Ontario 
($ Million) 


1961 1966 1971 1981 
Goods ay bs Fs Pay fh 1.0 
Services 74 a6 bre As) 
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for each job in manufacturing, mining, pulp and paper, and construction; it is 
$150,000 for each job in services. Net capital availability is shown in Table 22 


(page 53). 


There was no way to estimate the actual net capital flows to Northwestern 
Ontario. Figures were selected that produced an accurate matching of the model with 
known data for 1966 and 1971. Net capital flows are assumed to increase until 1981 
for the production of goods and decrease for services. 


The feedback calculation in the labour sector of the model uses exogenous 
tables for the labour ratios required in each production sector and the adjustment 
delays for labour reallocation and changes in participation rates. The labour ratios 
give the ratio of requirement for each of the male and female primary and secondary 
labour force groups in each production sector. A set of labour ratios for each pro- 
duction sector was selected to produce the correct totals of employment in the four 
labour force groups (see Table 24, page 55). 


The ratio of primary males in goods production is assumed to continue its 
decline and the ratios for the other three labour force groups are assumed to in- 
crease. The ratio of primary males in services will also decline, and the ratio of 
secondary females will increase. 


Adjustment delays depend on the relative sizes of the index of demand for 
growth of sectoral production and the index of demand for non-participation or non- 
productive time. If the ratio of these two is as high as 3 or 4, then the required 
adjustment is three or four times current levels. An adjustment of this size will 
obviously take a long time. If this ratio were only as high as 0.5, the adjustment 
would take much less time. The time-delay values used are shown in Table 23. 


Table 23 


Adjustment Delays for Changes in the Participation Rates and 
the Movement of Labour Between Production Sectors 


Changes in the Participation Rates 25 years 
Movement of Labour into or out of food production 4.3 years 
Movement of Labour into or out of goods production 4 years 
Movement of Labour into or out of services 6.8 years 
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APPENDIX III 
TESTS OF ALTERNATIVE POLICY INITIATIVES 


The following policy initiatives were tested: 


1. Increasing the positive pressure on in-migration and the negative pressure on out- 
migration as per-capita production levels increase. 


2. a) Reducing the net flow of capital to the goods sector; 
b) Increasing the net flow of capital to the goods sector. 


3. a) Reducing the net flow of capital to the services sector; 
b) Increasing the net flow of capital to the services sector. 


4. Reducing the workday in all three production sectors. 


5. a) Maintaining 1971 productivity until 1981; 
b) Doubling the 1971 productivity by 1981. 


6. Increasing the desire for growth in the food production sector. 


7. Requiring higher primary work-force ratios in the goods and services sectors. 


le Increasing production pressures on net in-migration 


This policy initiative has more effect on the labour force in Northwestern 
Ontario than any other but 5. b) (see Table 25, page 57). However, because of the 
age and sex distributions of the pressures on migration, the net out-migration of 
those of labour force age (i.e., those between the ages of 15 and 64) is increased. 
A greater net in-migration to those groups under 15 years of age and over 65 more 
than compensates for this loss from the labour force, and shows up after a few years 
as a greater contribution of the natural increase in the population to growth in the 
labour force. 


Out-migration from the labour force at first reduces growth in the labour 
force. This trend has the additional effect of lessening the decline in the growth 
of the contribution due to changes in the participation rates. The higher participa- 
tion rates and population increases offset the increased out-migration, so that the 
labour force grows after 1978. It should be noted that higher population levels will 
eventually reduce per-capita levels of production and increase out-migration, re- 
establishing the original trend in the growth of the labour force. However, this 
cycle extends beyond the period of time shown here. 


2. Changing the flow of capital to the goods sector 


Changes in the flow of capital to the goods sector were introduced into the 
model after 1976 (see Table 26, page 58). It can be seen that varying the flow of 
capital between 80 percent of its 1976 level and double its 1976 level has no effect 
on the supply of labour. Changes in the supply of labour to the goods sector are 


56 


soqey uoTIeAZTIW uotjetndog ey} 
uotqedtot ied JeN FO ur seseeroUuy 
ayq ur sesueyg uot 3ngtazjUuog) yTeanqen Jo 
Jo uotangtTasquog uot ynqt suo) 


aataetytTul AoT{TOd aya Jo 39055a 


sjusuoduo) sj] pue ed70q anoqey ayy UT Y 


ao109 so 7ey uot zeissIn uot zepTndog 247 a0109 
anoqey, ey} uot zedtorqed AS NTO ut seseetouy anoqgeyTy 344 
jo yqmoiy ayq ut sesuey) uotTqngtTaquo”) yTeanqjen jo jo yyMoID 
Jo wuot3ngt4zqUoO) uot yngt1z3uU09 


,aSe0et0q eYooTUO,, Teurstszo 


qmoizj uo vot eASTW-UI JON UO seansseig UOT IONPpord ayj Butseezouy jo 29eFFA SUL 


Ceo TEL 


T8-O86T 


08-6L6T 


6L-8L6T 


8L-LL6T 


LL-9L6T 


9/-SL6T 


GL-7L6T 


7L-€L6T 


€L-ZL6T 


CLA=TL6T 


Sy! 


LLY 


so ey 

uotjedrorqied 
eu UT sesueYyO 
Fo wotynqtraqjuo)D 


86E- 709T 
GES= OS9T 
CY Ge 069T 
ite GAL 
SiGs ESET: 
90¢- 87ZLT 
uoTIeIZIW uotjeptndog 344 
qeN FO ur SeseatDUT 
uoTINngrsz4UO) Teainjen jo 
uotjngtT1z43U0g 


eat eTaful AoTTod ey} Jo 299T5T 


c08 


LL6 


SILI EIE 


HOWL 


ye 


7S6L 


a0104 
znoqey] oyq 
jo YyaMoryp 


so Vey uoTIeABIW uotjetndog eyy ao104 
uot jedrorqzieg qeN FO uT SeseotoUyT anoqey ouy 
ay} UT sesuey9 uot yngt1iquog yTeinjzen jo Jo yAMoIy 
jo uorqynqgtazquog uoT4NqtT4zUOD 


,2Seb0910g ASyooTuO,, TeUTST10 


squsuodwo) sz] pue ed10g ANogeT 247 UT YAMoID UO 1079S SPpooH 944 OF Teitde9 jo MoT, pesueyg e& JO 2O9FFA SUL 


9c PLIBL 


T8-O86T 
08-6Z6T 
6L-8L6T 
8L-LL6T 


LEL-O LOE 


91-SL6T 
GL-7L6T 


VL-€LOT 


€L-GLOT 


CLT LOE 


reaz 


58 


clearly not limited by the availability of capital. 


33 Changing the flow of capital to the services sector 


Reducing the flow of capital to the services sector to half its 1976 level 
decreases the growth in the labour force (see Table 27, page 60). It also decreases 
the contribution of the natural increase in population, increases net in-migration to 
the work-force, and causes participation rates to decline more rapidly. The overall 
trend remains the same despite these changes. 


Increasing the flow of capital has the opposite effect on the contribution 
of the natural increase in population, though the general trend is otherwise the same 
(see Table 28, page 61). The decline is expected to continue in the growth of the 
labour force, the contribution of the natural increase in population, the contribu- 
tion of net migration, and growth in the participation rates. The most significant 
change is that the actual decline in the participation rates is delayed for a number 
of years. 


4. Reducing the workday 


The workday was reduced from eight hours to six in food production, from 
five hours to four in goods production, and from four hours to three in services (see 
Table 29, page 62). As a.result of this policy the participation rates and the 
growth in the labour force diminish less quickly, though the.steady decline continues. 
This trend is to be expected since greater participation and a larger labour force 
are likely to result when employed persons work fewer hours. Net out-migration is 
also lower and the contribution of the natural increase in population is greater. As 
in policy number 1, above, the greater population is likely to give rise to greater 
out-migration after 1980 and return the growth of the labour force to its previous 
level. 


5. Changing the productivity 


If there is no gain in productivity between 1971 and 1981, net out-migration 
from the labour force will increase significantly, and the contribution of the natu- 
ral increase in population will diminish. A slower decline in the growth of the con- 
tribution of changes in the participation rates cannot offset these effects, and the 
growth in the labour force will decline more rapidly (see Table 30, page 63). Asa 
result of this policy the reduction in the size of the growth of the labour force may 
occur earlier. 


If productivity reaches twice its 1971 level by 1981, the growth in the 
labour force will decline much less rapidly and the contribution of the natural in- 
crease in population will rise substantially (see Table 31, page 64). Net in- 
migration will rise instead of falling. However, the contribution of changing par- 
ticipation rates drops much more quickly and offsets other gains. Beyond the time 
period shown here the greater net in-migration will again cause higher population 
levels to reduce per-capita production and decrease in-migration and the growth of 
the labour force. The trend is thus once more delayed but not altered. 


6. Increasing the édesire, for growth in the food sector 


An increased desire for growth in the food sector brings about a slightly 
larger increase in the labour force and a greater contribution of the natural in- 
crease in the population to the labour force. It also reduces net out-migration. 
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The contribution of changing participation rates remains higher until 1975-/6, but 
drops more rapidly thereafter so that there is little change by 1981 (see Table 32, 
page 66). 


7. Requiring higher primary work-force ratios 
in the goods and services sectors 


If higher labour force ratios are required for primary workers in these two 
sectors, the growth of the labour force is greater for a few years but then drops 
more rapidly (see Table 33, page 67). The same is true for the contribution of 
changes in participation rates. Migration and the contribution of the natural in- 
crease in population are almost unaffected by this policy. 


In conclusion, it is clear that, while the trends demonstrated in the ini- 
tial "onlooker forecast" can be shifted to occur sooner or later or at greater or 
lesser intensity, the cyclical pattern resulting from the feedback processes built 
into the model continues unaltered. A summary of the effects of each of the policy 
initiatives on the size of the labour force in Northwestern Ontario in 1981 is given 
in Table 34 (page 68). 
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